Objective: The aim of this study was to compare the cost-utility of S-1, an oral anticancer agent developed in Japan, and conventional intravenous chemotherapy in patients with advanced or recurrent gastric cancer on the basis of the cost and quality of life (QOL) data we previously reported.
INTRODUCTION
Lung, colorectal and breast cancers are the common form of malignancy in northern America and Europe [1] . However, gastric cancer has long been the leading incidence of cancer in Japan [2] . The treatment strategy for gastric cancer is surgery for early disease and chemotherapy for advanced or recurrent disease, similar to other types of cancer. Combination regimens including fluorouracil are widely used as standard regimen to treat advanced and recurrent gastric cancer [3] . In Japan, combination chemotherapy including continuous intravenous infusion of fluorouracil, such as fluorouracil plus cisplatin or methotrexate, has long been used [4] .
S-1 (TS-1, Taiho Pharmaceutical) is an oral anticancer agent that combines tegafur, a prodrug of fluorouracil, with gimeracil, an inhibitor of the degradation of fluorouracil, and oteracil, an inhibitor of the phosphorylation of fluorouracil in the gastrointestinal tract. S-1 was launched in Japan in 1999. The response rate with S-1 alone exceeded 40% in two late *Address correspondence to this author at the Department of Pharmacy, Meijo University, 150, Yagotoyama, Tempaku-ku, Nagoya-shi, 468-8503, Japan; Tel: +81 52 839 2668; E-mail: sakamaki@ccmfs.meijo-u.ac.jp phase II trials in patients with advanced or recurrent gastric cancer [5, 6] . A randomized clinical trial (JCOG 9912) showed that oral S-1 and standard treatment with intravenous 5-fluorouracil have similar survival for gastric cancer [7] . S-1 is now widely used for the management of advanced or recurrence gastric cancer in Japan and is also being paid attention to overseas [8] .
Apart from greater convenience, oral preparations are generally considered more cost effective and better tolerated than intravenous treatment. To confirm this assumption, we conducted a cost-utility analysis to compare treatmentrelated costs and the quality of life (QOL) between S-1 and conventional intravenous chemotherapy in patients with advanced or recurrent gastric cancer on the basis of the our previous studies [9] [10] [11] .
MATERIALS AND METHODOLOGY

Type of Analysis
The cost-utility analysis for S-1 in comparison with conventional intravenous chemotherapy was conducted from a societal perspective.
We expressed the costs and utilities on a per-month basis, since we considered that the survival of S-1 treatment and that of conventional intravenous chemotherapy are essentially the same. The response rates of S-1 and several intravenous regimens we assessed in this study are shown in Table 1 .
Patient Selection
The patients with advanced or recurrent gastric cancer were selected for this analysis from the patient database of Showa University Hospital during the period from 1998 to 2001 (Fig. 1) .
To avoid bias in selecting the eligible patients for the analysis, patients who met the following criteria were studied. For S-1, all patients who started treatment after August 1999, when S-1 became available at the hospital, were studied. For conventional intravenous chemotherapy, all patients who received injectable preparations of 5-fluorouracil, cisplatin, methotrexate, or irinotecan before August 1999 and were able to receive oral drugs as confirmed by their physicians were studied.
Investigation of Medical Resource Utilization and Costs
The medical resource utilization data were collected from the Showa University Hospital order entry system during the period from January 1998 to July 2001.
The following costs were calculated on the basis of the Japanese National Health Insurance fee-for-service system: costs related to hospitalization and physician consultation (health care professional visits); costs for laboratory and diagnostic tests; costs for drugs (injections, oral drugs, administration); costs for operations and procedures (including transfusion), and other costs. Because the treatments for all of the patients ended within one year, we didn't discount the costs. Drugs were classified into the subcategories of anticancer agents, granulocyte colony-stimulating factor (G-CSF), antiemetic, blood-derived preparations (included in transfusion), and other drugs. Monthly average costs were calculated for the diagnostic period (from 1 month before the start of chemotherapy to the month of starting chemotherapy), the chemotherapy period, and the terminal care period (from 1 month before death to the month of death) and statistically compared between the groups using the Mann-Whitney U-test.
Measuring Utilities (Fig. 2) Standard Gamble, Time Trade-Off, and Rating Scale Methods [12] We identified possible health states by reviewing the medical records of the subjects, and made 27 scenarios each consisting of three levels of mobility, pain, and digestive symptoms, which seem to be typical items describing the health states of gastric cancer patients who receive chemotherapy treatment. The utilities of the 27 scenarios were assessed by 9 oncology pharmacists and 18 oncology nurses, using the standard gamble (SG), time trade-off (TTO), and rating scale (RS) methods. To minimize deviations of estimations among the health-care professionals, we instructed them on how to evaluate utilities by means of SG, TTO, and RS before the estimation. The difference in utility scores between the nurses and pharmacists in our study was small and not significant [13] . Information derived from the medical records of each patient during chemotherapy, diagnosis, and terminal care in both groups was classified into the appropriate scenarios. The utilities of each patient were calculated on the basis of the utility scores of the scenarios and were statistically compared between the S-1 and IV chemotherapy groups using the Mann-Whitney U-test.
EQ-5D Mapping Procedure [14]
Information derived from medical records, including mobility, meal ingestion, pain, and other symptoms, was mapped into the EQ-5D health states for each patient in both groups. The utilities of each patient were derived from the Japanese tariff of EQ-5D for every month and statistically (using the Mann-Whitney U-test) compared between the S-1 and IV chemotherapy groups.
Sensitivity Analysis
When conducting the economic evaluations, we assumed that survival was similar for S-1 treatment and conventional intravenous chemotherapy, which might have biased our results. We therefore carried out one-way sensitivity analysis of QALM (quality-adjusted life months) during chemotherapy by varying the difference in MST between the regimens by 0, 1, 2, 3, and 4 months to test the robustness of our data.
RESULTS
Patient Characteristics
Thirteen patients who received S-1 and 10 who received conventional intravenous chemotherapy from January 1998 through July 2001 were identified from the patient database of Showa University Hospital.
Patient characteristics in both groups are shown in Table  2 . The two groups were well balanced with respect to clinical characteristics except sex. The average age was 62.5 years in S-1 group and 62.1 years in IV chemotherapy group. The cancer type was advanced in 5 patients and recurrent in 8 patients in the S-1 group and advanced in 4 and recurrent in 6 in the IV chemotherapy group. The regimens received by the IV chemotherapy group were low-dose 5-fluourouracil plus cisplatin (FP) in 7 patients, methotrexate plus 5-fluorouracil (MTX/5FU) in 1, irinotecan plus cisplatin Fig. (2) . Measuring utilities. Standard gamble, time trade-off, and rating scale methods: Information derived from medical records was classified into the appropriate scenarios. The utilities of each patient were calculated on the basis of the utility scores of the scenarios. EQ-5D mapping procedure: Information derived from medical records was mapped into the EQ-5D health states for each patient in both groups. The utilities of each patient were derived from the Japanese tariff of EQ-5D.
(CPTP) in 1 and a combination of 5-fluorouracil, cisplatin, mitomycin C, and etoposide (PMFE) in 1.
Costs
The costs during diagnosis, chemotherapy, and terminal care are shown in Table 3 and Fig. (3) . The average (± SE) monthly total costs during chemotherapy were significantly lower in the S-1 group (327,640 ± 47,647 yen) than in the conventional chemotherapy group (852,874 ± 62,412 yen) (the Mann-Whitney U-test: P<0.05), which resulted in saving the cost of 525,233 yen per patient. During the diagnosis period and terminal care period, the average monthly costs were respectively 507,790 yen and 603,582 yen in S-1 group, and 592,331 yen and 585,542 yen in IV chemotherapy group. These costs were similar in the groups.
Chemotherapy Drug Costs
The average monthly drug acquisition cost for chemotherapy per patient was 78,296 yen in the S-1 group and 45,135 yen in the conventional chemotherapy group. The tariff price of S-1 is more expensive than those of lowdose FP, typical conventional intravenous chemotherapy, consisted of "5-fluorouracil 350mg/m 2 on days 1-28 plus cisplatin 10 mg/m 2 on days 1-5 of a 28-day cycle." Because the dosage of S-1 was "tegafur 80-120 mg/patient on days 1-28 of a 42-day cycle," the monthly drug cost in the S-1 group varied according to the timing of treatment.
Hospitalization Costs
The monthly average cost of hospitalization to receive chemotherapy was 244,277 (37,482 -394,285) yen during the first 3 months of treatment in the S-1 group. Following their discharge, patients received S-1 on an outpatient basis, and the cost was 7,412 (6,500 -7,668) yen per month. The monthly average cost of hospitalization was 443,691 (181,856 -506,496) yen in the IV chemotherapy group.
Supportive Treatment Costs
The average monthly costs for supportive treatment with antiemetics, G-CSF, and blood-derived preparations were respectively 382 yen, 598 yen, and 1,568 yen in the S-1 group, as compared with 44,322 yen, 19,564 yen, and 19,832 yen in the IV chemotherapy group. Costs were lower in the S-1 group than in IV chemotherapy group because of the lower incidence of adverse reactions in the former group.
Utilities
The utilities during diagnosis, chemotherapy, and terminal care are shown in Table 4 and Fig. (4) . Mean (± SE) utilities during chemotherapy as measured by the standard gamble method, time trade-off method, rating scale method, and EQ-5D mapping procedure were respectively 0.94 (± 0.01), 0.90 (± 0.02), 0.90 (± 0.02), and 0.84 (± 0.02) in the S-1 group, as compared with 0.79 (± 0.02), 0.68 (± 0.03), 0.67 (± 0.03), and 0.52 (± 0.04) in the IV chemotherapy group. The mean utilities in the S-1 group were significantly higher than those in the IV chemotherapy group by all four techniques (the Mann-Whitney U-test: P<0.05). The utilities of S-1 during outpatient basis ranged from 0.9 to 1.0, similar to those of healthy individuals. The utility scores estimated by the EQ-5D mapping procedure were lower than those derived by the other direct methods in both groups. During the diagnosis and terminal care periods, the mean utilities were respectively 0.81-0.93 and 0.24-0.67 in the S-1 group, and 0.81-0.93 and 0.34-0.71 in the IV chemotherapy group. Utilities during diagnosis and terminal care were similar in the groups.
Sensitivity Analysis
The results of sensitivity analysis indicated that QALM in the S-1 group was higher than that in the IV chemotherapy group for up to 1 month by the standard gamble method and time trade-off method, 2 months by the rating scale method, and 3 months by the EQ-5D mapping procedure ( Table 5) . 
DISCUSSION
The Japanese National Health Insurance fee-for-service system has been used nationwide since the system was introduced in 1961. In 2003, however, new Diagnosis Procedure Combination (DPC) prospective payment systems, similar to Diagnosis Related Group/Prospective Payment System (DRG/PPS), were introduced at university hospitals. Hospital administrators and physicians thus became more aware and interested in health-care costs, and economic evaluations are assuming greater importance. Costs for cancer treatment are now closely scrutinized because of the frequent use of new expensive drugs, such as molecular-targeting agents.
Furthermore, the rapid growth of the elderly population and the attendant increase in the number of patients with cancer has led to enactment of the new law, "The Basic Act on Anti-Cancer Measures" in Japan. Since the new law emphasizes the QOL of patients receiving cancer treatment, the assessment of QOL has attracted attention.
We conducted this cost-utility analysis against this background of increasing emphasis on cost effectiveness and patients' QOL. Our main objective was to compare the costrelated benefits of oral S-1 with those of conventional intravenous chemotherapy in patients with advanced or recurrent gastric cancer. Our results showed that oral S-1 was associated with higher cost effectiveness and a better QOL than was conventional intravenous chemotherapy.
The use of conventional intravenous chemotherapy was accompanied by higher levels of various other costs, such as expenses for hospitalization and laboratory and diagnostic tests, as compared with oral S-1. Costs for supportive treatment for the prevention and treatment of adverse effects of anticancer drugs, including costs for antiemetics, G-CSF, and blood-derived preparations, were also higher for conventional intravenous chemotherapy. On the other hand, G-CSF: granulocyte-colony stimulating factor. Anti-cancer agents, anti-emetics and G-CSF were included in "Drugs and administration". Blood transfusion was included in "Operations and procedures". Diagnosis: from 1 month before the start of chemotherapy to the month of starting chemotherapy. Terminal care: from 1 month before death to the month of death. The exchange rate as of November 11, 2008 is 98 yen per U.S. dollar.
although patients initially received S-1 in the hospital to ensure safety, S-1 was given on an outpatient basis after the second course of treatment because of the higher safety and convenience of oral treatment.
Economic analyses for gastric cancer are few in the world. One of such study was performed by Norum et al. [15] . The regimens they compared in the study were injectable treatments, FAM (5FU, adriamycin, mitomycin C) and ELF (etoposide, leucovorin, 5FU). The monthly costs of those regimens were from 82,000 to 440,000 yen.
The QOL of patients in our study was evaluated by nurses and pharmacists who were involved in cancer treatment because it is difficult to directly ask patients with cancer about their QOL. Although oncology professionals may not appropriately evaluate potential toxicities and emotional difficulties that patients might be experiencing, health-care professionals seems to have the best understanding of the disease and the described health state. A systematic review of cost-utility assessments in oncology by Earl et al. showed that health-care professionals were the most common sources for utility estimates [16] . In this study the utility scores were low for conventional intravenous chemotherapy, most likely because the patients were hospitalized for treatment and confined to bed during continuous intravenous infusions. Side effects such as nausea, vomiting, and general fatigue probably also decreased the utility scores in IV chemotherapy group. In contrast, S-1 was given gradually on an outpatient basis after the first course of treatment, did not require confinement to bed, and had milder side effects. These factors most likely resulted in a better QOL in the patients given S-1, comparable to that of healthy individuals.
According to the league table of the utility scores [17], the utility of oral anticancer agents has not been evaluated previously in gastric cancer. Our results will hopefully provide useful information to physicians who treat patients with advanced or recurrent gastric cancer.
Our study had several limitations. First, this was a retrospective study of a small number of patients. Second, the patients in the S-1 group and conventional chemotherapy group were treated during different time periods. To minimize bias, however, our data was based on the records of patients with advanced or recurrent gastric cancer who actually received the study treatments, and the clinical characteristics of the groups were well balanced. Despite the small numbers of patients, our results showed that oral S-1 was associated with lower treatment-related costs and higher utility scores, reflecting a better QOL as compared with the IV chemotherapy group. The results of sensitivity analysis indicated the robustness of our findings.
To address the societal implications of treatment with S-1 versus conventional intravenous chemotherapy, we estimated all assessable health-care costs, including costs based on the Japanese fee-for-service system and costs paid directly by patients, such as extra-charge bed and meal charges. The inclusion of transportation expenses and costs related to lost productivity were beyond the scope of our study. These factors could be addressed in future cost analyses.
Because our data were derived from the medical records of actually treated patients, we did not perform sensitivity analysis of cost parameters. However, the recent introduction of cost-containing measures in Japan will most likely lead to increasing numbers of patients who receive injectable preparations on an outpatient basis. When we compared the groups after subtracting hospitalization costs, however, S-1 was still more cost effective than conventional intravenous chemotherapy (about 500,000 yen), because supportive costs for the prevention and treatment of adverse events remained high for the latter. QOL was considered to be also still better in the patients who received S-1 than in those who received conventional intravenous chemotherapy which might require confinement to bed even on an outpatient basis.
Since gastric cancer is the most frequent type of cancer in Japan, by extrapolating our findings to the approximately 50,000 patients who die of gastric cancer per year, we estimate that switching from conventional intravenous chemotherapy to oral S-1 would results in health-care cost savings of 25 billion yen annually.
CONCLUSION
Our results show that oral S-1 is a dominant strategy with a lower cost, and better health outcomes than conventional intravenous chemotherapy in patients with advanced or recurrent gastric cancer.
